lus feature activates a spatially corresponding response through the automatic route. The automatic route is believed to rest on long-term associations that are independent from the content of WM (e.g., Zhang et al., 1999) . In corresponding conditions of the Simon task both routes activate the same response, which is quickly executed. In noncorresponding conditions, however, each route activates a different response, causing response conflict, which delays responding or produces an error.
Some findings, however, raised doubts that locationbased response activation in the Simon task is based on long-term S-R associations. Hommel (1993) , for example, found that instructions modulated the Simon effect. In one experiment, participants responded to the color of a visual stimulus by pressing a left or right key, each of which flashed a light on the opposite side. One group of participants was instructed to press keys (e.g., press left key to green stimulus), whereas another group was instructed to flash lights (e.g., flash right light to green stimulus). As expected, the first group produced a regular Simon effect, that is, faster responses with spatial stimulus-key correspondence (i.e., stimulus-light noncorrespondence). In contrast, the second group produced an inverted Simon effect, that is, faster responses with spatial stimulus-light correspondence (i.e., stimulus-key noncorrespondence). These results show that attending to different spatial features of a response modulates the Simon effect. Valle-Inclán and Redondo (1998) reported another challenge to the traditional view. They measured reaction times (RTs) and lateralized readiness potentials (LRPs) in a Simon task. The LRP is an electrophysiological correlate of response activation in primary motor cortex (M1) and supplementary motor area (SMA), indicating whether the left or the right hand is activated more strongly (Coles, 1989) . Previous studies had shown that spatially noncorresponding stimulus location can activate the "incorrect" motor cortex in the Simon task; this was taken to indicate automatic response activation on the basis of long-term S-R associations (e.g., Eimer, Hommel, & Prinz, 1995) . Valle-Inclán and Redondo replicated this finding when participants were informed about the relevant S-R mapping before the imperative stimulus was shown. Interestingly, however, they failed to observe "incorrect" response activation in noncorresponding Simon trials when participants received the imperative stimulus before they were informed about the relevant S-R mapping. This result suggests that location-based response activation in the Simon task is not automatic. Instead, the Simon effect appears to depend upon the S-R mapping being represented in WM.
To account for these results, Ansorge and Wühr (2004) proposed a response-discrimination account of the Simon effect. The central claim is that the Simon effect arises in WM from the interaction of codes representing stimulus location and codes representing response location. Moreover, the account claims that participants can flexibly represent responses in WM (see, also, Hommel, Müsseler, Aschersleben, & Prinz, 2001) , and that Simon effects will only arise if participants use spatial features, or spatial labels, for response representation in WM. According to this view, the Simon effect does not arise from direct interactions between spatial stimulus codes and spatial response (motor) codes, but rather from the interaction between spatial stimulus codes and codes representing responses in WM. Consequently, the response-discrimination account makes two complementary predictions: (1) Simon effects should not arise when spatial responses are represented by (and discriminated on the basis of) nonspatial codes in WM, and (2) Simon effects should arise when nonspatial responses are represented by (and discriminated on the basis of) spatial codes in WM. Ansorge and Wühr (2004) have tested the first prediction. The idea was that participants most likely discriminate between two spatial responses in a choice-response task (CRT) on the basis of spatial location. In contrast, we hypothesized that participants do not necessarily use spatial features for discriminating between a spatial response and not performing this response in a go/no-go task. Consistent with these assumptions, a group of participants showed a Simon effect in the CRT but not in the go/no-go task when the go/no-go task was performed before the CRT. Interestingly, however, a second group of participants showed Simon effects both in the CRT and in the go/no-go task when the CRT was performed before the go/no-go task. The explanation is that in the latter condition participants transferred their response representation on the basis of location from the CRT to the go/no-go task, which produced Simon effects in the latter task.
The purpose of the present study was to test the second prediction of the response-discrimination account as mentioned above. This prediction states that Simon-like correspondence effects should also arise when nonspatial responses are represented by (and discriminated on the basis of) spatial labels in WM. That is, the participants' use of spatial labels in WM as an internal retrieval cue for a response should suffice for producing a Simon effect, regardless of the to-be-performed response. In the present experiment, participants were presented with two consecutive displays, the encoding and the retrieval display. In the encoding display, two words denoting possible vocal responses were shown, one word to the left and the other one to the right of fixation. The horizontal location of each word changed randomly from trial to trial. Participants had to encode the words together with their respective locations into WM. Then, the retrieval display appeared, in which the color of the square called either for the left word or for the right word from the encoding display. That is, depending upon the color of the square, participants had to vocally report the left word or the right word from the encoding display as quickly as possible. As is usual for a Simon task, the colored square appeared randomly to the left or right of fixation, which produced corresponding and noncorresponding conditions. In corresponding conditions, the location of the square (i.e., the external retrieval cue) matched the internal retrieval cue (i.e., the location of the word in the encoding display) for the vocal response. In contrast, in noncorresponding conditions, the location of the square and the internal retrieval cue for the vocal response did not match.
We expected a Simon effect in WM retrieval, that is, we expected shorter RTs and/or higher accuracy in corresponding than in noncorresponding conditions. Obviously, such effects cannot arise from long-term associations between spatial stimulus codes and spatial response codes because the vocal responses have no spatial features. Instead, such effects must arise from the interaction between codes representing square location in retrieval displays and response-retrieval cues in WM (referring to word location in encoding displays).
A potential problem arises from the fact that participants can use different codes for representing the contents of the encoding display in WM. In particular, participants can either use visual codes (i.e., store a visual image of the encoding display), or they can use verbal codes. The use of a visual image would be problematic because a match between the location of the colored square in the retrieval display, and the location of the to-be-retrieved word in the visual image might also produce congruency effects. 1 By contrast, the response-discrimination account predicts that the use of spatial labels as retrieval cues for responses in WM should suffice to produce Simon effects, even when verbal codes are used for response representation. Fortunately, the contents of WM are accessible to conscious awareness in humans, and therefore we asked the partici-pants after the experiment whether they had used visual or verbal codes for representing the retrieval display in WM. The particular question was whether participants who use verbal codes would show Simon effects in WM retrieval.
METHOD Participants
Twenty-three students (14 female, mean age: 25 years) participated in a single session. The experiment lasted about 30 minutes, and participants received €5 or course credit. All participants were native German speakers, who classed themselves as having normal (or corrected-to-normal) visual acuity.
Apparatus and Stimuli
The experiment took place in a dimly lit room. The participants sat in front of a 17-in. color monitor with viewing distance being constrained to 60 cm by a head-and-chinrest. Participants responded by speaking into a microphone, which triggered a voice key measuring RTs to the nearest millisecond. An IBM-compatible computer controlled the presentation of stimuli and collected vocal RTs. Unless otherwise noted, stimuli were shown in white on a black background. The fixation cross was a plus sign (10 10 mm). Two different types of displays were used, the encoding display and the retrieval display. The encoding display contained two words, representing the possible vocal responses in the next trial, at different locations. The two responses were randomly drawn from a set of four German words
). In the encoding display, one word appeared to the left of fixation, and the other one appeared to the right of fixation. A word subtended 25 8 mm; the distance between the center of a word and the center of the screen was 50 mm. The retrieval display contained the fixation point at screen center, and a colored square (green or red) to the left or right of fixation. The distance between the center of the square (15 15 mm) and the center of the screen was 50 mm.
Procedure
At the beginning of the experiment, the instructions appeared on the screen and participants could read them at leisure. Participants were instructed to report as quickly as possible the word from the location indicated by the color of the square. Twelve participants were told that a green square referred to the word at the left location, and a red square referred to the word at the right location. Eleven participants received the reverse mapping. Participants were also told that the location of the square varied randomly from trial to trial, and that this was irrelevant for their task. Participants had 48 practice trials before 240 experimental trials.
Each trial contained the following sequence of events. First, the encoding display appeared. Participants could look at the encoding display as long as they wished; they pressed the space key in order to continue. With the keypress, the fixation point appeared at screen center and remained on alone for 500 msec. Next the retrieval display appeared for 500 msec, followed by a blank screen for 1 sec. From the onset of the retrieval display, vocal RTs were measured for 1.5 sec. If participants did not respond within this period, a corresponding error message appeared in yellow color for an additional 2 sec. No feedback was provided. The experimenter, who sat outside of the laboratory room, monitored the participants' performance online, and recorded each error.
After the experiment, participants rated the relative frequency of using verbal codes or visual imagery for representing the contents of the encoding displays on a five-point scale: (1) only verbal, (2) mostly verbal, (3) sometimes verbal/sometimes visual, (4) mostly visual, and (5) only visual. Instructions for this task distinguished between a verbal encoding strategy ("I rehearsed the words by using inner speech") and a visual encoding strategy ("I encoded a visual image of the display with the words"). Participants could also indicate that they had used a different strategy.
Design
We varied the spatial correspondence between the location of the to-be-named word in the encoding display and the irrelevant location of the colored square in the retrieval display (corresponding vs. noncorresponding).
RESULTS
For each participant, we first removed all vocal RTs exceeding two standard deviations from the individual mean. Averaged across participants, 2.9% of trials with anticipatory responses, and 3.0% of trials with retarded responses were excluded from further analysis. Two-tailed t tests were used for all comparisons.
The interview revealed that the majority of participants had used verbal codes for memorizing the words from the encoding display: only verbal: 8, mostly verbal: 7, sometimes verbal and/sometimes visual: 4, mostly visual: 4, only visual: 0. No participant reported the use of a third way of representing the encoding displays.
RTs from the complete sample showed a Simon effect in WM retrieval: Spatial correspondence between the irrelevant location of the square in the retrieval display and the location of the to-be-retrieved word in the encoding display produced faster responses than spatial noncorrespondence [701 vs. 740 msec, t(22) 8.12, p .001]. Error percentages showed no effect [3.1% vs. 4.0%, t(22) 1.28, p .22].
In a next step, we analyzed the results for the subset of participants that had used the verbal encoding strategy in most or all trials (n 15; 9 female). RTs from these participants showed a significant Simon effect in WM retrieval [689 msec vs. 730 msec, t(14) 7.09, p .001]. Error percentages showed no effect [2.6% vs. 4.2%, t(14) 1.55, p .14]. Additional analyses tested for the presence of typical features of the Simon effect. The first analysis investigated whether the size of the Simon effect in WM retrieval decreased when RT increased (e.g., Hommel, 1994) . Therefore, RTs in corresponding and noncorresponding conditions were independently rank-ordered, and subdivided into quintiles for each participant. Next, mean RTs from each quintile were entered into a twofactorial ANOVA with correspondence and quintile as within-subjects factors. There were significant main effects of correspondence [F(1,22) (Table 1) .
The second analysis investigated whether stimulus-cue correspondence in the immediately preceding trial affected Simon effects in WM retrieval. RTs were entered into a two-factorial ANOVA with preceding correspondence and present correspondence as within-subjects factors. Most importantly, the two-way interaction between preceding correspondence and present correspondence was significant [F(1,22) 9.52, p .01], indicating larger Simon effects after corresponding (D 49 msec) than after noncorresponding trials (D 24).
DISCUSSION
The present study showed that the correspondence between the task-irrelevant location of an imperative stimulus and the spatial labels used for response representation in WM produces a pattern of results that resembles the Simon effect. In particular, participants were faster in retrieving and saying a word to the color of a square when the irrelevant location of the square matched the internal retrieval cue for the vocal response in WM than when it did not. The present results suggest, in contrast to the traditional view (e.g., Zhang et al., 1999) , that the Simon effect does not depend upon long-term associations between spatial stimulus codes and spatial response codes. Instead, and in accordance with the response-discrimination account (Ansorge & Wühr, 2004) , these results suggest that the Simon effect results from the use of spatial labels for representing (spatial or nonspatial) responses in WM. According to this view, Simon effects do not arise from spatial stimulus codes activating spatial response codes independently from the contents of WM, but rather from spatial stimulus codes activating corresponding retrieval cues for responses in WM. Results of an interview performed after the experiment suggest that the majority of participants had used verbal codes (referring to word location in encoding displays) for representing responses in WM. However, although being suggestive, the results of the interviews are not definitive that participants had exclusively used verbal codes for response representation in WM.
The first point to discuss is whether the present finding actually constitutes a Simon effect. Three facts support this view. First, a recent study has demonstrated that Simon effects can occur in vocal responses (Wühr, 2006) . Second, the Simon effect in WM retrieval decreased when overall RT increased (see Table 1 ). The observation of larger Simon effects with faster responses is well known from the literature (e.g., Hommel, 1994) ; it has been explained by the decay of spatial stimulus-code activation. Third, the Simon effect in WM retrieval was larger after corresponding trials than after noncorresponding trials. The observation of sequence effects in our study is particularly compelling evidence for two reasons: (1) In contrast to the traditional task, a study phase intervened between two consecutive trials of the present experiment, which might interfere with the processes producing sequential effects; and (2) the study phase between two consecutive trials increased the temporal interval between trials, which has been shown to reduce the size of sequential effects (Wühr & Ansorge, 2005) . In summary, the similarities between the Simon effect in WM retrieval and the traditional Simon effect suggest that both effects arise from similar mechanisms. However, more work on this issue is clearly desirable.
A secondary finding of the present experiment is that Simon effects do not depend upon the responses having spatial attributes. This observation is consistent with the results of some recent studies by De Houwer and colleagues (De Houwer, 2004; De Houwer, Beckers, Vandoorpe, & Custers, 2005) . In these studies, participants discriminated between centrally presented location words, centrally presented arrows, and between laterally presented color patches with arbitrary vocal responses (e.g., say "cale" to "left," " ," and green patch; say "cole" to "right," " ," and red patch). Responses to color patches revealed Simon effects because the congruency between the location of the color patch and the location associated with the vocal response affected performance. This "extrinsic" Simon effect resembles our observation, but we believe that different mechanisms have produced the two effects. The "extrinsic" Simon effect most likely resulted from the compatibility between two concurrently active S-R rules. The participants in De Houwer et al.'s (2005) task most likely create a generalized S-R rule (e.g., leftcale) for the whole experiment when at least two different stimuli, referring to spatial location, are consistently mapped onto the same response (De Houwer et al., 2005) . In this case, the presentation of a lateralized stimulus activates both the relevant S-R rule (e.g., green-cale) and an irrelevant, generalized rule (e.g., left-cale). The compatibility between the two rules affects response selection. In contrast, we believe that the results of the present experiment emerged from the correspondence between irrelevant stimulus location and response labels in WM.
The results of the present study indicate that short-term associations involving spatial information can produce correspondence effects. This conclusion is consistent with the results of studies demonstrating compatibility-frommemory effects (e.g., Hommel, 2002; Tlauka & McKenna, 1998) . For example, Hommel's participants first memorized a display of four stimuli that varied in color, shape, and location. Then, a cue stimulus required to retrieve one of the stimuli on the basis of its color, and to respond to stimulus shape by pressing a left or right key. Interestingly, the irrelevant horizontal location of the to-be-retrieved stimulus in the encoding display produced a Simon effect in subsequent responses to the cue, indicating shortterm associations between the different stimulus features. There are important differences between the compatibilityfrom-memory studies and the present study, however. In the former studies, retrieval of a spatial stimulus feature from memory affects the selection of spatial responses to spatially neutral stimuli. In contrast, in the present study, perception of a spatial stimulus feature affects the selection between nonspatial responses, when the selection has to be made on the basis of spatial labels in WM.
A final issue is how the codes representing stimulus location get in touch with the codes representing responses. If the Simon effect does not arise from long-term associations between spatial stimulus codes and spatial response codes, how can spatial stimulus information then activate corresponding responses? On our account, the Simon effect arises from the interaction of codes representing stimulus location and spatial labels used for response representation in WM. Specifically, codes representing stimulus location should tend to activate similar codes (i.e., codes referring to physically or conceptually similar contents) in WM. In the present experiment, the code referring to left square location would have activated the code referring to left word location to a larger extent than the code referring to the right word location, and vice versa. Similarly, in the usual Simon task, the code referring to left stimulus location would activate the code referring to left response location to a larger extent than the code referring to the right response location, and vice versa.
In summary, the present results are incompatible with traditional explanations of the Simon effect, according to which long-term associations between spatial stimulus codes and spatial response codes produce the effect. Instead, the results are consistent with the responsediscrimination account, according to which the interaction between spatial stimulus codes and spatial labels used for response representation in WM produces the Simon effect.
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